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SmartWater2020

Installation of innovative technologies
(WB) and the development of
innovative research and applications
(RC) in order to upgrade the services
offered by Water Organizations.
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SmartWater2020 ~—

 Background leakages which are hard = -
to detect o

« Increasing pipe bursts "; ""L i e = 1

- High percentage of non-revenue water -i- _ S

« Water quality & contamination risk I s el

« Security and safety of the
cyber/physical infrastructure

« Real-time monitoring

 Equipment and telecommunication
costs

« Staff training
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~/
A University I( \ | lo IT-
of Cyprus bt Sy :

Research and Innovation Center of Excellence

INZTITOYTO NAHPO®OPIKH2

“ Water A. E.Y. A.
NN Board of MAAEBIZIOY
-’ " Lemesos
w V\
SmartWater2020:

Intelligent Water
Distribution Networks
_ for Reducing Loss

' Budget: € 907,000

! December ‘17 - June ‘20
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KIOS Team

- Prof. Marios Polycarpou
- Prof. Christos Panayiotou
- Ass. Prof. Res. Demetris
o | Eliades
o | - Dr Agathoklis Agathokleous
| ‘ - Dr. Maria Anastasiadou
- Dr. David Ayala Cabrera
- Stelios Vrachimis
- Magdy Sayed Abdulmagued
- Marios Kyriacou
- Marilena Chrysanthou
Pavlos Pavlou
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:Md&a-KTﬁ{ Expected Outcomes

SmartWater2020 ~—

Installation of smart meters at WB Larnaca, WDD, DEYAM

Installation of pressure and quality sensors in WB Limassol
and WDD

Installation of a pressure regulation system in WB Limassol
LoRaWAN wireless platform evaluation at WB Larnaca
Integrate with SmartWater2020 platform at KIOS

Development and testing of innovative methods of data
analysis

Test innovative techniques to reduce telemetry costs and
energy

Creation of digital games to promote water awareness
Staff training on intelligent water networks topics
Creation of simulation tools for research purposes
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Innovative Technologies
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SmartWater2020 ~—

« 700 DEYAM (RF)
« 350 WBLarnaca (LoRaWAN
« 15 WDD (3G)

Acvppata vdpopeTpa oo MaAepill

17 ZEMTEMBPIOY 2018

H oupBaon yla Tnv TomoBETNon Twy MPWTwYV 700 «EELNVWY» acLPHATWY AE> MO

LOPOUETPWY 0TO Ao MaAeBLZiov, LTEyPAPn OTA KEVTPLKA ypaeia tng ANANTY=H:>
AnpoTiKn G Emyeipnong Yépevong kat Anoxetevonc MaiepiZiov.
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Pressure and Quality
Sensors
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Pressure and Quality
Sensors
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EYPQMAIKH ENQZH

LoRaWAN Coverage f..

Initial results epo '?vdelluo
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SmartWater2020 Platform
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EYPQMAIKH ENQZH

KOIOZ
o
REST API
JSON
/ Quantumleap \ *the algorithm is KOIOZ | ITE
after
the test
algorithm
(Python Script)
Leakage detection algorithm
(Python Script) Test
Orion Context Broker i esf
Chlorine detection algorithm MATLAB Algorithm
(HongozD) §
Mat file
Quality of water algorithm >
Docker I o 51\ . (Python Script)
Containers L. NGSI API Input quantity of water
algorithm Epanet
loT Agent loT Agent for‘ (Python Script) Matlab
for JSON Class
LoRawWan
f
HTTP HTTP
LoraServer
\ CrateDB (for
timeseries
data)
[ [ 1
TAY ZYAA ZYAE
‘ Forwarder e GUI (reponsl
LoraServer l New sensors. (Python SCADA CS}:’ files/
w :
GUI (reports/ ODBC SCADA SCADA| L. Multi-parametric sensors gateway| [gateway] GUI (reports/ Script) database dashboards)
csv files/ T database 2. Flow sensors csv files/
dashboards)

Existing or New sensors:

ZYAE:

ONO) 1. Quality sensors
2. Flow sensors

3. Pressure Sensors

O

Existing or New sensors:
IYAE:

1. Quality sensors
2. Flow sensors
3. Pressure Sensors

3. Chlorine Sensors dashboards)
l S
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3G/Post Platform

SmartWater2020

3G/Post

Databases

Algorithms
Analyze data
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SmartWater2020
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Data Stream

Current Pressure Value

Max Pressure

Average Pressure

Dashboards

Alerts Table

2017-01-19 09:00:00
2017-01-19 04:00:00
2017-01-18 23:00:00
2017-01-18 18:00:00
2017-01-18 13:00:00
2017-01-18 08:00:00
2017-01-18 03:00:00
2017-01-17 22:00:00
2017-01-17 17:00:00
2017-01-17 12:00:00

2017-01-17 07:00:00

AnaT A AT AnAnoAn

V+U- Upper Limit
(18
OK
oK
oK
V + U= Upper Limit
OK
OK
V- U < Lower Limit
V + U < Lower Limit

Const. Value

s ves

Min Pressure

AE2> MO

ANAITY=HX




interreg M

EMaSa— Kunpog
Eupwmaiko Tapeio Mepipepetakrig Avamtugng )
@ ~ e

SmartWater2020 ~—

Innovative Research
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Pressure sensors placement
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= estimation

Receive 4 | o
measurement Model parameter [x(k), x"(k)] ‘ Other modules
bounds qext(k), uncertainty bounds g

hext(k) N - | Leakage detection

module
””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” YES
1) Calculate 4) Solve LP Contamination

| 2) Perform 3) Formulate

initial state Bounding - and find geteclogiodue
vector . - new state
bounds x® Linearization Program bounds x™
ounds x ounds x Robust booster

chlorination

NO controller
IHISE | -
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SmartWater2020 ~—

lﬁ(k)

Leakage Detection

rk) | Leak Detection

Module

f(k) Leak Isolation

Module

Leak location
and magnitude

]

u(k)
> y(k)
Water Network
d(k)
1\_}
—»| Interval State [€— )
+ Estimation
Ad" (k)T
SLEL g SN Ry v [y w]

TAQ“ (k)
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SmartWater2020 ~—

u, (t) Water Network Notation
d(t) d : nodal water demands
U (t) > Hydraulic ¢ E Water Quality g : pipe water flows
h > Dynamics q( ) > Dynamics u, : hydraulic inputs
[q(t) h(t)] c(t) ¢ : nodal chlorine concentration
\ 4 ' \ 4 u, : chlorine injection inputs
Hydraulic sensors Quality sensors 8 : model parameters
Lk, 7w 0
Tank volume V(k ) > Wpa;rearn?:iirty
observer estimation
A k) -
A(k) u( le(k)
o ! LN
| d'(k),d" (k)| . Y
» IHISE > BUBA [C (k),c (k)]> Cogtimlzatlon (k) .
u, (k ~ - . ~ etection
Al > MO | [q0,a°K] | MBK;9 Logic
Interval Hydraulic Bounding Chlorine

State Estimator Concentration Estimator
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g4

qo

04 | I "'\ | | | | | | | |

— — —CL max
— — —=CL min
—— CL measured

o
w
|

o
N
|

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time step (k)

Chlorine concentration (mg/L)
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I automated reduction valves

DMA-131-weekly
80 T |

I
TotalFlow-noPRVsettings
Consumption

Leakage-noPRVsettings
70 — TotalFlow-PRVsettings ||
Leakage-PRVsettings

| A

10 | | | | | | | |
0 20 40 60 80 100 120 140 160 180

Time (hrs)

Flow (CMH)

Auvapikn puluion Twv PRVs oTIC €10000UC TwV DMAS AE2MOI
LE OTOXO TNV MEIWON TWV anwAgiwv BAong ANATTY=H2
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L = reduce costs and energy

« Compressed sampling and data

reconstruction . Recovery of sensor DAIN, (FR(%), window, step)=(80,32.2
« Sensor correlation ol ‘
« Missing-data recovery | o
. Super-resolution of sparse . ..o =

m ea S U re m e n tS | Recovery of sensor D1 OOUT (FR(/) window, step) (80,32 2)

« Anomaly detection in sensor
signals

—— Tensor completion
- - - -Spline interpolation| |
1 1
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SmartWater2020

* Limassol center
* Artificial Leakages

Real Leakages
* Pressure control
* Quality monitoring

Pilots
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Exploitation / Dissemination
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SmartWater2020 ~—

EYPQMAIKH ENQZH

Ti eival auTo;
SPLACE

Avto gival &va dixTvo
HETUQOPAZ ROCIUOY VEPOD 01T)
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v Eyxanpn aviyvevor vepod
ahowpivig nowdnas.
H anootods) oag eiver:
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2. Na padeETs 10 7povo 1o
Ou zperacTovV 01 iGN mpes
1@ va evioxioouy 10
alhOWPEVIS TOOTITAs VEPO.
‘Eyete §00 renvd yrova
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Touc aolnupes.

BorBeia £
‘Evapén Naxvidiod ?{‘
| eooen §
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SmartWater2020 ~—

Development of educational material

« Modeling and simulation of water
networks using EPANET
« Training seminar (Q1, 2020)

 Open for engineers / technicians that
are interested in delving into how to use
EPANET to make decisions
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* A virtual network
based on open data

« A benchmark of
virtual leaks

« Tool for verifying
leak detection and
localization

 The goal is to launch
a world competition
using this
benchmark

MmBenchmark
- @ Hanoi_CMH
-@wScenario-1
- [ Hanoi_CMH_Scenario-1.inp
- [ Labels.csv
- [ Scenario-1_info.csv
- Demands
- INode_1.csv
=0

-l Flows

Simulation Platform

Timestamp, Value

[

{D Link_1.csv}

- Leaks
i- [ Leak_18_demand.csv
- [ Leak_18_info.csv

2017-01-01 00:00:
2017-01-01 00:30:
2017-01-01 01:00:
2017-01-01 01:30:
2017-01-01 02:00:
2017-01-01 02:30:
2017-01-01 03:00:
2017-01-01 03:30:
2017-01-01 04:00:
2017-01-01 04:30:
2017-01-01 05:00:
2017-01-01 05:30:
2017-01-01 06:00:

00,3319.
00,2894.
00,2642.
00,2318.
00,2185.
00,2127.
00,2131.
00,2221.
00,2444.
00,2797.
00,3157.
00,3610.
00,4132.
00,4528.
00,5166.
00,5634.
00, 6184.
00, 6674.
00, 6807.

O 0O O W mN N B NNON D B N

-l Pressures 2017-01-01 06:30:
+ I Node_1.csv 2017-01-01 07:00:
v 2017-01-01 07:30:
- @ Scenario-2 2017-01-01 08:00:
-u... 2017-01-01 08:30:
- Net1 2017-01-01 09:00:
..
— =
N — —
s L R

ive Method Sekected

5>Sole Sersor Pcenent
“ouiors.

Pipes
¥ Pumps
* Vales

Fontsize: [ 12 | [ Nodes D

JuwsD __Zoom

751,08 max=  41215.10

Load nputFie
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Conclusions
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SmartWater2020 ~—

« Real-time monitoring of the water network for
leakage detection.

 Dynamic pressure control of water network to
reduce water losses.

« Real-time monitoring of water quality through
Sensors.

« Use of innovative wireless communication
systems to reduce telemetry costs.

« Interfacing existing systems with intelligent
software that analyzes large databases.
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SmartWater2020 ~—

Thank you
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